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PHARMACEUTICAL AND DIETARY USESOF FATTY ACIDS 

HELD OF THE INVENTION 

Th inv rrtion relates to pharmaceutical and dietary uses of fatty acids. 

GENERAL BACKGROUND - PGs 



A great deal of attention has been paid in recent years to the formation and effects of prostaglandins 
(PGs). PGs of the 1 -series, derived from DGLA, have desirable actions, PGs at the 2-series, formed from 
10 arachidonic acid, are of part desirable, part undesirable effect 

The outline of production of 1-series and 2-series PGs in the body is believed to be as shown in the 
following diagram: 
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essentia, 22" " ?" ^ and * ^ « cteart V «* ^ major function of 

HS*.^ L 38 P"*"'^ for prostaglandins. 1-series PGs being formed from DGLA and 
2-senes PGs from arachrdonic acid. Further, it has recently been found that the ,22-4 .^add riaduTrt 



GENERAL BACKGROUND - FATTY ACIDS 

A great deal of attention has also been paid to the essential fatty acids 

_ The pathways of metabolism of the n-6 essential fatty acids and the related n-3 acids sharino it is 

believed, common enzymes in the two pathways, are- 9 ' 
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n-6 



ft, 



18:2 delta-9,12 18:3 delta-9,12, 15 

5 (linoleic acid) ( alpha- linolenic acid) 



delta-6 



desaturase 



18:3 delta-6, 9, 12 18:4 delta-6, 9, 12 ,15 

( gamma- linolenic acid) 

elongation 

20:3 delta-8,11,14 V 20:4 delta-8, 11,14,1? 

20 (dihomo-gainma^linolenic acid) 

delta-5 jdesaturase 

25 20:4 delta-5, 8, 11, 14 20:5 delta-5, 8, 11, 14 ,17 

(arachidonic acid) 

30 elongation 



22:4 delta-7,10,13,16 ^ 22:5 delta-7,10, 13,16,19 

(adrenic acid) 



delta-4|desaturase 
22:5 delta-4,7,10,13,16 22:6 delta-4 ,7,10,13,16,19 



The pathways are not normally reversible nor, in man, are n-3 and n-6 series acids inter-convertible. 
The acids, which naturally are of the a!I-cis configuration, are systematically named as derivatives of th 
45 corresponding octadecanoic, eicpsanoic or docosanoic acids, e.g. delta-9,12-octadecadtenoic acid or delta- 
4,7,10,1 3,i 6,1 d docosahexaenoic acid, but numerical designation such as, correspondingly, 18:2 n-6 or 2£6 
n-3 is convenient Initials, for example, DHA for 22:6 n-3 ( d ocosa h exaenorc acid), are also used but do 
not serve when n-3 and n-6 acids of the same chain lengttTand degree of unsaturation exist Trivial names 
in more or less common use in the n-6 series are as shown. Of the n-3 series only 18:3 n-3 has a 
50 commonly used trivial name, alpha-linolenic acid. It was characterised earlier than gamma-finqlenic acid and 
reference in the literature simply to linolenic acid, especially in the earlier literature, is to the alpha-acid. 

DGLA is the key substance. GLA is almost completely and very rapidly converted in the body to DGLA 
and so for practical purposes the oral administration of DGLA and GLA amounts to the same thing. DGLA 
can be converted to a storage form or to PGs of the 1 -series or, through arachidonic acid, to PGs of the 2- 
55 series. 
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s Occastonally. how v r. becaus of dietary deficiency, or failure of absorption due to loss of intestines or 
pancrea«c or hepatic failur , or because of inadequate total par nteral nutSon. LA le j£ Tl *Xt?£ 
and th .eve s of LA metabolites ar also low. Much more common, however, is a normal or Zated teS 
of l,nole,c acid with a deficit of its metabolites., GLA. DGLA and AA. This is because ZS^SSTSlSS 
GLA is normally rate-limiting and can be further reduced in a wide variety of sttuaSTSta w « 
,0 inadequate flow of formation of GLA and the further metaboiites. Stations in WhS, M iS* £2 atopfc 
disorders such as eczema, asthma and allergic rhinitis; elevation of cholesterol and ^creased E* 
coronary heart disease; excess intake of alcohol and alcoholism; diabetes mellitus^ammaZ^i^l« 
such as^eumatoid arthritis and systemic sclerosis; vasospastic disorSs s!^as CaSTsynS" 

aaa«r-r disorders which produc ° in ™- -~ - 

Administration of either GLA or DGLA can readily correct the reduced levels of DGLA. However 
because . here us a second rate-limiting step between DGLA and AA. administration of GLA o^GbToften 
fals to bnng AA levels back to normal. AA is available from the diet but normal dietary intakes otten seem 
inadequate to restore plasma AA levels to normal. There is therefore a stron^f STe dTcl 
administration of AA since AA is known to be a very important constituent of cell membrar^. 

Unfortunately, while AA is a vital component of membranes, it is also the precursor of a ranae of 
substenc* rproducedj>y ^ cyc.o=oxygenase and 5- and 12-lipoxygenase enzymes whTch are IVto^ 
advene effec s .nclud.ng thrombosis, vascular spasm and inflammation. There is therefore 2JteZ 
hesitation on^ the part of physicians about the value of administering AA because Te re fe a^ear o Se ■ 
occurrence of catastrophic Side effects. use mere is a fear of the 

_0GU in contrast is converted to two metabolites which are highly desirable. PGE1 and 15-OH-DGLA. 
ZJ^^T^ mmmb °^ and •""■"""^ «- ciireotly antagonizes many of tfu potent 

'2 ZZfEll^filtt " Sl T latin9 f ° rniati0n ° f CydiC AMP " PGE1 inhib » s Phospholipase 
k , u u ^ free M ,rom membran es. PGE1 thus allows the incorporation of AA into membranes 
while mhibting its release and is therefore likely to support the restoraL of the Z2 sSTo 

SSZEl TT? • d ! P ' eted * M - SinCe ° n,y fr6e M Can ^ averted to the h^Sucts 
Ioh dpi a I T'? membranes will reduce the risk of adverse events. The other metabolite of DGlJ 

hlrZ me^bdites^ ° ** ** "* 12 ' ,ipoxy ° enase e ^ mes ■*» AA to potently 

and i r i. e oH G r^. a A nd p^ GLA T * jS SSOda * 8d at P»V*)logical. pH values can be rapidly converted to PGE1 
J m ^'w f rS> 9,ycendes othe r covalent derivatives of DGLA are less rapidly converted to 
«i 5^23aS5J5 £ mi9ht * **— 10 ~* deSirabte — «— -Sn dSSHES 

THE INVENTION 

^J^VT^"" BeS in 3 meth0d °* reducing the risk of Production of undesirable metabolites of AA on 
administration to correct deficiency thereof, wherein free GLA or DGLA or salts thereof dissocLtod a 

SeSen? ' "* ****** M * "» ™» *" w Separate * to a P^S£^!ui 
A further aspect of the invention lies in a method of preparation of a medicament for such purposes 
wherem sa.d free GLA or DGLA or salt is prepared as said medicament alone or in Tph^SSiliY 
acceptable dHuent or carrier. Such medicament conveniently contains the AA also ^ * 

of th^JfppT 06 "* 3 EFAS 3,50 C ° mpete With M f0r convers,on to metabolites, and since the metabolites 
oLTnnl 1 ^ C ° nS '^ n,,y 1658 ham,fUl lhan the equiva,ent metabolites of AA. the GLA or DGLA can 
ac^A) 30 "' 3 EFA ' n ° tably 6ither eiCOSa P entaenoic «* (EPA) or docosahexaencS 

meth^^f k ? administenn 9 M in an V f0 "". tether as the free acid, mono- di- or triglyceride, ethyl, 
methyl or other ester, or any other physiologically equivalent derivativ as discussed below is reduced by 
supplyng the AA together with free GLA/DGLA or an appropriat GLA/DGLA sal, such SSI^SS, or 
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potassi 




>GLA. This combination can therefore be used to 




any condition in which blood or tissue AA 



lev Is are below normal and, in particular, th conditions abov . 

DGLA given as such or produced from GLA produces the desired ffect in at least thre ways: 

1. DGLA is converted to PGE1 which directly antagonizes the two most dangerous effects of AA, excess 
s platelet aggregation and vasoconstriction, produced by a number of AA metabolites but notably and most 

potently by thromboxane A2. 

2. Much of the AA administered is rapidly incorporated into phospholipids in cell membranes where it 
exerts a desirable effect by improving membrane fluidity and flexibility. While the increased level of AA 
in cell membranes would mean that more AA was available to be released from those membranes by 

to phospholipase A2 (which makes AA available for conversion to its metabolites), PGE1 raises levels of 
cyclic AMP which in turn inhibits phospholipase A2. The DGLA administered therefore helps to ensure 
that the administered AA remains in the membranes where it is useful and is not released by 
phospholipase A2 to the free acid form, readily converted to potentially harmful metabolites such as 
thromboxane A2 and the various leukotrienes. 

75 3. Free AA is converted by cyclo-oxygenase to a range of prostaglandins and related substances, 
including thromboxane A2. It is also converted by 5-lipoxygenase. which forms a variety of pro- 
inflammatory agents including the leukotrienes. and to 12- lipoxygenase which leads to the formation of 
other pro- inflammatory substances, notably 12-hydroxyeicosatetraenoic acid (12-HETE). However DGLA 
leads to the formation of 15-OH-DGLA which inhibits both the 5- and 12- lipoxygenases. 



FORMS OF AA AND OTHER ACIDS 

The AA and n-3 acids if present may be used as such or as pharmaceutical ly acceptable and 

25 physiologically equivalent derivatives as. for example, salts, amides, esters including glyceride esters and 
alky I (e.g. C1 to C4> esters, and phospholipids, and references to the acids herein whether in the claims or 
elsewhere are to be taken as including reference to them when in the form of such derivatives. Equivalence 
is demonstrated by entry into the pathway quoted herein, as evidenced by effects corresponding to those of 
the acid itself or its natural glyceride esters. Thus, indirect identification of useful derivatives is by th ir 

30 having the valuable effect in the body of the acid itself, but conversion can be shown directly by gas 
chromatographic analysis of concentrations in blood, body fat, or other tissue by standard techniques, for 
example those of Pelick et al p 23, •Analysis of Lipids and Lipoproteins 1 Ed Perkins, American Oil Chemists 
Society, Champaign, Illinois, U.S.A. 

In outline the method is suitably that plasma samples (1ml) are extracted with chloroformrmethanol 

35 (2:1). The extract is filtered through sodium sulphate, evaporated to dryness, and taken up in 0.5ml 
chloroform: methanol. The Opid fractions are separated by thin layer chromatography on silica gel plates. 
The phospholipid fraction, taken to reflect essential fatty acid contents most sensitively, is methylated using 
boron trifluoride-methanol. The resulting methyl esters of the fatty acids are separated and measured using 
a Hewlett-Packard 5880 gas chromatograph with a six foot column packed with 10% silar on chromosorb 

40 WAW 1067230. The carrier gas is helium (30ml/min). Oven temperature is programmed to rise from 16$* to 
190* at 2* C/min. Detector temperature is 220* and injector temperature 200* C. Retention times and peak 
areas are automatically computed by Hewlett-Packard Level 4 integrator. Peaks are identified by compari- 
son with standard fatty acid methyl esters. 



Die i ARY COMPOSi i iONS 

The invention is chiefly described in terms of methods of treatment and pharmaceutical compositions, 
but it will be understood that the gamma-linoienic and other acids, being in the nature of dietary 
so supplements, could be incorporated in a dietary margarine or other foodstuff which would then constitute a 
medicament as referred to herein. 



RANGES AND DOSES 



Effective ranges of AA to GLA/DGLA ratio are wide, but desirably the range is from 10:1 to 1:10 and 
preferably from 4:1 to 1:4, by weight 

Th dose of AA In th above mixture is desirably 10 mg to 10 g and pr ferably 100 mg to 3 g per day. 
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i ^^^ai 



*JZ? P L Sent ' *" f Morn,in9 m0feties shou,d am °"nts themselves physiologically 
xampl sodium or potassium up to 4 g/day and lithium up to 400 mg/day. yS,0lcg * ' 



s SOURCES OF GAMMA-LINOLENIC AND OTHER ACIDS 

Known natural sources of oils having a high gamma-linolenic acid content include the seed «f F„«nin„ 
Primrose species such as Oenothera biennis L and Oenothera lamarcta^a exSct ttJS 
containing gamma-linolenic acid (about Wihd~ linoleic'15d-^llt-^^«L ^ therefrom 
together w*h other glycerldes fticentages^t 6 ^^^ !^J££?E2£ 
acids are Borage species such as Borage officinalis which, though cuiWyfel h£££ toSt!SS 

Fractionation of a typical sample of this oil in the form of methyl esters shows the relative proportions: 
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Palmitate 


6.15 


Stearate 


1.6 


Oleate 


10.15 


Linoleate . 


72.6 


Garnma-linolenate 


8.9 



As preservative, alpha-tocopherol is added to the oil in a concentration 0 1 % 
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SOURCES OF OTHER ACIDS 

Of the acids other than GLA, AA is readily available from animal sources, or from fermentation of certain 
hang, such as Mortierella spp or by chemical synthesis. Natural sources of oaSm ^SZ JS^S- 
fungal sources for example Mortierella alpina (Shimizu et al. JAOCS 66 No 2 PP S- 2 T TebmJvT^ 

SlVa^Zl'Sr^ ^ Chromat ^ * the DGLA is difficult but Jt 
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PHARMACEUTICAL PRESENTATION 

n^LTIH 905 ^ aCC ° rdin9 t0 invention « constantly in a form suitable for oral rectal or 

may be prepared using albumin to solubilise the free acid nyaroiysed Oenothera oil 

n21f « "* Mequa " »"»»•«•**«"* 01 administration £ . 
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Soft or hard gelatine capsules with or without enteric coating, made by conventional methods, and other 
preparations, are administered to counter low AA lev Is in the conditions referred to h rein, as follows: 
5 1. Soft gelatin capsules containing 200mg thyl-AA and 200mg free DGIA six daily. 

2. Hard g latine capsules containing 300mg AA in triglyc ride form and 100mg of a lithium, sodium or 
potassium salt of DGLA, three daily. 

3. Hard gelatine, enteric coated capsules containing 100rng of AA free acid and 200mg of DGLA free 
acid, twelve daily. 

to 4. A solution for enteral nutrition containing 100mg/1 00m I of AA as ethyl ester, triglyceride or sodium 
salt, + 25mg of DGLA sodium salt and 25mg of DGLA lithium salt. 1 00 ml daily. 

5. An emulsion for parenteral administration containing 100mg/100ml ethyl-AA, plus 50mg of lithium, 
sodium or potassium-DGLA, 100 ml daily. 

6. A solution for topical administration containing 30mg/ml of the lithium, sodium or potassium salt of 
75 DGLA and 20mg/ml of the lithium, sodium or potassium salt of AA, 20 ml applied three times daily. 

7. A cream for topical administration containing 50mg/ml ethyl AA and 50mg/ml sodium-DGLA, 10 ml 
applied three times daily. 

20 Claims 

1. A method of preparation of a medicament for reducing the risk of production of undesirable metabolites 
from free bodily AA on administration of AA to currect deficiency thereof, wherein GLA and/or DGLA as 
such or in the form of a salt dissociated at physiological pH is prepared as said medicament alone or 

25 incorporated in a pharmaceutically acceptable diluent or carrier. 

2. A method according to claim 1 wherein said medicament further contains the AA to be administered. 

3. A method according to claim 1 or 2; wherein said medicament further contains EPA, DHA or other n-3 
series essential fatty acid. 

4. A method of reducing the risk of production of undesirable metabolites from free bodily AA on 
30 administration of AA to correct deficiency thereof, wherein a composition of GLA and/br DGLA as such or in 

the form of a salt dissociated at physiological pH is administered alone or in a pharmaceutically acceptabl 
diluent or carrier to a person suffering from such deficiency, the AA being administered in the same 
composition or separately. 

5. A method according to claim 4, wherein the composition further contains EPA, DHA or other n-3 series 
35 essential fatty acid, or such acid is administered separately. 
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